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S2: Discussion of Direct SARS-CoV2 Exhalation Measurements

Ideally, this work could have used direct measurements of SARS-CoV-2 exhalation for the virion emission
rate S, rather than inferring it as a product of viral density p and exhaled volume ¢. However, direct mea-
surements of S span several orders of magnitude. Using exhaled breath condensate, Ma et al. were able to
detect virus in 14 out of 52 hospitalized patients, with a median emission rate ( interquartile range ) while
breathing (Spreathing) Of 7.5 x10° (2.1 x10° - 1.5 x10°) copies/hr [1]. Malik et al also used exhaled breath
condensate, finding detectable virus in 70 out of 100 patients but with a interquartile emission rate more
than an order of magnitude smaller: (1.2 x10* - 1.0 x10° copies/hr). Finally, Coleman et al, using a differ-
ent measurement technique, find Spreathing 2-3 orders of magnitude lower (median 1.3 x102, interquartile
range (0, 4.6 %102 copies/hr)). In this work, we use Spreathing = 6.0 x103 copies/hr, which is ~ 2-17 times
smaller than the middle (Malik) measurement. Had we used this measurement, the estimated values of N
would be an order of magnitude larger. We are unable to reconcile these three measurements. However, as
we discuss below, the difference between the two exhaled breath measurements may be explainable by an

unusual conversion of Ct value to viral copies used in Ma ef al.

Discussion of Ma et al. Exhaled Breath Measurement

Ma et al. used EBC to measure SARS-Cov-2 emissions in breath and found positive readings in 14 out of 52
(26%) of the EBC samples. They inferred an emission rate of 1.03 x 10° - 2.25 x 107 virus copies/hour [1],
which is substantially higher than the ~6,000 copies/hour implied by our breathing calculation. Here, we
discuss this measurement, with a particular focus on the conversion of Ct values to copies/mL.

Ma et al. collected EBC samples from hospitalized COVID patients. The RNA from these samples was
extracted into 70 pL samples and quantified using RT-PCR. The limit of detection was assumed to be 100
copies/uL, the amplification efficiency 75%, and the maximum cycle threshold 39.5, so that the copies/uL
=100 x 1.75(3-Y_ Since the EBC samples were collected for 5 minutes, the emission rate (virions/hr) was
estimated as Shreathing = 60/5 x 70 x 100 x 1.750%3-CY The maximal and minimal Ct values in the sample
were 39.14 and 29.51, respectively; therefore, these values correspond to emission rates of 1.03 x 10° - 2.25
x 107 virions/hour, respectively, in agreement with the range reported [1]. The reported average Ct value
of 35.54 corresponds to an emission rate of 7.70 x 10° copies/hour.

These emission rates, as noted in the main text, are far above the 6 x 10> copies/mL used for breathing

in the calculations here. While differences in viral loads between presymptomatic patients and hospitalized
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patients could account for some of the gap, we note that the emission rates found in Ma et al. imply
exceptionally high viral loads in breathed aerosols. Ma collected 200 iL of condensed breath during a 5
minute collection period (including a 10 uL scavenging liquid.) If we assume a dilution factor of 20000
for respiratory fluid to EBC collected [2,3], then if 200 nL of EBC are collected in 5 minutes, respiratory
fluid would be released at a rate of 1.2 x10* mL /hour, similar to our assumed value of 6.0 x10* mL/hour.
The resultant range of viral loads in aerosolized particles in the reported range of emission rates (1.03 x
10° - 2.25 x 107 virions/hour) is 8.56 x 10% - 1.88 x10!! virions/mL. While such a range is in principle
possible, it is far above the ranges observed in other studies. For instance, in hospitalized patients, Wolfel
et al. observed an average viral load in sputum of 7.00 x10° copies/mL and a maximum viral load of 2.35
x10” virions/mL [4]; Pan et al. found a median viral load in sputum for hospitalized patients of 7.52 x10°
copies/mL, and a maximum load of 1.34 x10!!, obtained from a patient who died from the disease [5].

We believe that the differences between our rate of emission and that of Ma et al. may be due to the
method used to convert Ct values to viral load. Whereas Ma et al. assumed a limit of detection of 100
copies/uL, other studies find a limit of detection (obtained by calibration) which is approximately 1000
times lower and of order 100 copies/mL [6}|7]. As such, for a given Ct value, these other studies will find a
much lower viral load (2-3 orders of magnitude, depending on the efficiency of PCR replication and limit
of detection). Ma et al. convert Ct values to copies/mL according to Logo (copies/mL) = 14.60 - 0.24 Ct.
For the average Ct value of 35.54 reported by Ma, this conversion implies a viral load in the EBC sample
(taking into account a dilution factor of 70/200 for the 200 L. EBC sample vs. 70 pL extracted DNA sample)
of ~5.5 Logig copies/mL. In contrast, for the same Ct value, Zou (Logio (copies/mL = 14.11 - 0.32 Ct), Jones
(Log1o (copies/mL) = 14.16 - 0.30 Ct), and Jacot (Logio (copies/mL) = 13.04 - 0.27Ct) would find 2.2, 3.1, 3.0
Logio copies/mL, respectively. If we repeat the same calculation for the virions/hour, using the average
of the viral loads implied by the Zou, Jones, and Jacot Ct conversions, we arrive at a range of 1.8 x10? -
1.1 x 10° copies/hour - a wide interval, but one which includes our emission rate of 6.0 x10° copies/hour.
Our intent here is not to achieve quantitative agreement, but rather, to point out that the conclusion that
breathing emits 10° - 107 copies/hour is dependent on the conversion of Ct to viral load, which in turn is

dependent on an unusually high assumed limit of detection.
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